INTRODUCTION
The relationship between economic development and environmental quality has been extensively explored since Grossman and Krueger (1991) we discuss issues related to the functional form, the heterogeneity of income effects across countries (regions), "spurious" EKC regressions and spatial dependence in emissions across countries. To my best knowledge, no one has yet attempted to give an overview of the recent influential contributions and to determine whether and to what extent the EKC is robust to the new econometrics approaches employed.
1 Although it is essentially an empirical finding, some papers have also derived the EKC theoretically. See for example, Stokey (1998) and Jones and Manuelli (2001) , among others. Levinson (2002) The main reason for studying carbon emissions is that they play a focal role in the current debate on environmental protection and sustainable development. 
CO
emissions are directly related to the use of energy, which is an essential factor in the world economy, both for production and consumption. Therefore, the relationship between carbon emissions and economic growth has important implications for environmental and economic policies.
The paper is organized as follows. Section 2 summarizes the basic idea of the emission-income relationship and surveys the first studies on the EKC. Section 3 discusses the standard polynomial specification and the reviews the studies using this methodology for carbon emissions. The new econometric techniques are presented in Section 4, while Section 5 discusses the policy implications emerging from the literature on the EKC. Finally, Section 6 concludes.
EKC: BACKGROUND IDEA
The basic idea of the EKC is that environmental degradation increases with income up to a threshold income level beyond which environmental quality improves as income continues to grow. This relationship is summarized by an inverted U-shaped curve (see Figure 1 ). It is known as the Environmental Kuznets Curve due to its resemblance to Kuznets's inverted U relationship between income inequality and economic growth (Kuznets, 1955) . There are three main forces behind the EKC. First, growth exerts a scale effect on the environment: a larger scale of economic activity leads to increased environmental degradation as more energy is used. Second, income growth can have a positive impact on the environment through a composition effect: as a country grows and develops, the structure of its economy changes from a manufacturing based economy towards an information intensive and services based economy, and so increasing the share of cleaner activities in its GDP. Finally, as countries become richer, environmental awareness increases, and so does the demand for environmental
regulations. This will generally lead to the substitution of obsolete and dirty technologies for cleaner ones, improving the quality of the environment. This is known as the induced technique effect of growth. The negative impact on the environment of the scale effect tends to prevail in the initial stages of countries' growth, but that it is eventually outweighed by the positive impact of the composition and induced technique effects that tend to lower emission levels.
The EKC concept emerged during the early 1990s with three studies that appeared independently. Grossman and Krueger (1991) in an NBER working paper, published later in 1993 (Grossman and Krueger, 1993) Some studies also control for other possible determinants of emissions such as trade openness and measures of international mobility of factors to account for the socalled "pollution haven hypothesis" (Grossman and Krueger, 1991 , 1993 , Jaffe et al., 1995 , Janicke et al., 1997 , Suri and Chapman, 1998 , Cole and Elliott, 2003 , Cole 2004 .
The "pollution heaven hypothesis" argues that heavy polluters move from high-income countries with strict environmental regulations to low-income countries with weaker environmental regulations. So, the shape of the EKC is a consequence of high-income countries "exporting" their pollution to low-income countries. Other studies have included measures of income inequality (Torras and Boyce, 1998 , Magnani, 2000 , Bousquet and Favard, 2005 and measures of corruption (Lopez and Mitra, 2000 , Fredriksson et al., 2004 , Cole, 2007 . The reason for the inclusion of income inequality is that inequality may reduce a country's willingness to pay for environmental regulation and abatement, while corruption presumably reduces the stringency of environmental policy and, therefore, is likely to have a negative impact on the environment as well. 
EMPIRICAL FINDINGS
Although evidence of an EKC has been found for several pollutants, these findings are not unanimously accepted in the literature. The case of 2 CO emissions is a good example. In this section we survey the early EKC literature using the polynomial model to study the carbon emissions-income relationship. 4 Table 1 suggest that a meaningful EKC exists only for local air pollutants.
In Hill and Magnani (2002) the EKC for carbon emissions is found to be highly sensitive to the dataset used. They use data for 156 countries and three separate years:
1970, 1980 and 1990. Cross-section estimation supports the EKC hypothesis for all three cross-sections, though the turning point is very high and near the upper end of the income distribution. However, when countries are split into low, middle and high income, carbon emissions seem to increase with income for all three groups of countries.
The authors also test for omitted variables and find that openness, inequality and education are significant determinants of 2 CO emissions.
Other papers have focused on individual countries. de Bruyn et al. (1998) argue that the estimation of the EKC from panel data can not capture the dynamics of the relationship between income and emissions. By using a dynamic model and including energy prices to account for the intensity of use of raw materials, they consider an emission-income relationship separately for the Netherlands, the UK, the US and West
Germany over the period . Their results show that economic growth has a positive direct effect on emissions and that emission reductions may be achieved as a result of structural and technological changes in the economy. In the context of a small open economy, Friedl and Getzner (2003) estimate an EKC for Austria over the period . They obtain the so-called N-shaped or cubic relationship, which exhibits the same pattern as the inverted-U curve initially, but beyond a certain income level the relationship between emissions and income is positive again (see Figure 2) . The existence of an N-shaped curve suggests that at very high income levels, the scale effect of economic activity becomes so large that its negative impact on environment can not be counterbalanced by the positive impact of the composition and induced technique effects mentioned above. Lantz and Feng (2006) On the whole, the variability of the empirical findings discussed leads to the conclusion that the standard polynomial model may not be the most adequate to capture the relationship between carbon emissions and income.
ECONOMETRIC ISSUES REGARDING THE ESTIMATION OF EKC
In this section we provide a critical review of the new econometric techniques recently used in the EKC literature. Table 2 summarizes the studies focusing on carbon emissions and listed in chronological order.
NEW FUNCTIONAL FORMS
Given the restrictiveness of the polynomial model in Eq. (1) The choice of the Weibull distribution is based on its easily interpretable parameters.
The regression model is given by The semi and non-parametric models constitute one of the latest econometric tools used to test for the EKC hypothesis. These models are appealing as they impose no parametric restrictions on the form of the relationship. For instance, the semiparametric model considered by Millimet et al. (2003) 
HOMOGENEITY ACROSS COUNTRIES

Besides the functional form, another important restriction of the polynomial model is the imposed homogeneous income effect across regions (or countries). List and Gallet (1999), Martinez-Zarzoso and Bengochea-Morancho (2004), and Dijkgraaf and
Vollebergh (2005), among others, have relaxed such assumption. 7 The homogeneity assumption implies that except for the fixed (scale) effect all regions exhibit on average the same emission-income pattern. More precisely, all regions share the same turning point though the peak emission level may differ across regions via the individual 7 As mentioned before, de Bruyn et al. (1998) criticize the estimation of the EKC from panel data and argue for country-specific models. Effectively they are also challenging the homogeneity assumption.
specific effects (see Figure 3 ). This assumption is too restrictive for large panels of The firm rejection of the homogeneity assumption raises doubts not only on the homogeneous polynomial model but, insofar as they assume common income effects, also on the more flexible specifications discussed in the previous section.
"SPURIOUS" REGRESSIONS
Another important issue that still remains unsolved is that of possible "spurious" EKC i.e., 1 :
On the other hand, the alternative hypothesis can take two forms depending on whether there are restrictions on the autoregressive coefficients If the null hypothesis of non-stationarity of emissions and GDP is not rejected, the next step is to test whether these variables are co-integrated using the recently developed co-integration tests for panel data.
11 Pedroni (2004) proposes seven cointegration tests which have become very popular in empirical work. All these tests are unit root tests performed on the residuals of the EKC regression. If carbon emissions and GDP are co-integrated, the residual process will be stationary. As in unit root tests, the co-integration tests can take two forms depending on whether there are restrictions on the autoregressive coefficients across cross-sections.
11 A comprehensive survey is given in Breitung and Pesaran (2008) . Wagner and Müller-Fürstenberger (2004) use the aforementioned panel unit root and co-integration tests to study the polynomial EKC. Their analysis is based on carbon emissions and GDP data for 107 countries over the period 1986-1998. Because of the short time span, they resort to both classical as well as bootstrap inference. Their results are mixed. Although, for carbon emissions there is clear evidence for non-stationarity, the test for GDP is not clear-cut. As for co-integration, results are not conclusive either.
They depend upon the choice of the unit root and co-integration test, and also on whether one uses bootstrap or classical inference.
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The above panel integration and co-integration tests assume that the order of integration of a stochastic process can take on only integer values. This knife-edge distinction between, say, a stationary I(0) (integrated of order 0) and a non-stationary I(1) (integrated of order 1) process is too restrictive. Galeotti et al. (2009) challenge this assumption and consider tests of fractional integration and co-integration for panels.
Fractionally differenced processes are flexible as the order of integration does not need to be an integer but can take any value between zero and one. Also, the order of integration is allowed to differ across cross sections. This framework gives flexibility to the EKC model as it allows for more possibilities for emissions and income to be co- 
SPATIAL DEPENDENCE
Most papers estimating the EKC implicitly assume that regions' (countries') emissions are unaffected by the emissions in neighbouring regions. This assumption has recently been challenged in papers using spatial econometric techniques (Maddison, 2006, Auffhammer and Carson, 2009) . 13 There are several reasons why spatial relationships may be present in the income-pollution relationship. First, according to the "pollution haven hypothesis", and given that distance and common land borders may be important factors in increasing trade and investment, poor regions close to rich ones would be more likely to host the dirty activities of firms of developed countries and thus to have higher emissions. Second, the literature on the international diffusion of technology suggests that this is geographically localized, so that the R&D spillovers decline with geographical distance (Keller, 2004) . Therefore, if there is technological progress that reduces emissions, it is reasonable to consider spatial relationships in emissions. Third, 2 CO emissions are strongly correlated with industrial activity. As economies are becoming increasingly linked over time so do their industrial activities, which in turn implies a stronger spatial relationship in emissions. Finally, governments often mimic each other environmental policies in order to reduce the costs of decision making and to legitimize their actions (Fredriksson and Millimet, 2002) . Auffhammer and Carson (2009) Summing up, these findings are encouraging for the use of spatial econometrics techniques and it rests for future research to see whether they can provide similar results for other datasets as well as for other types of pollutants.
POLICY IMPLICATIONS
The shape of the relationship between carbon emissions and income has critical policy implications. An inverse U-shaped relationship seems to suggest that as countries experience economic growth, environmental deterioration eventually decelerates and thus becomes less of an issue. Therefore, taking these results for their face value would imply that growth is the "cause" and the "cure" of enviromental degradation. The problem would then be how to best accelerate growth to surpass the income threshold (turning point) as soon as possible. However, the survey carried out here shows that there are reasons to question this conclusion.
First, the EKC is not a structural model capturing the interrelations between technology, the composition of economic output, environmental policy and their effects on emissions, but a reduced form model. As such, it has the advantage that it is easily estimated. However, the observed relation between income and pollution reflects a correlation rather than a causal relationship. Furthermore, the EKC does not answer the question whether the reduction in emissions is achieved by more ambitious environmental policies (that may even be unrelated to economic growth) or by exogenous structural and technological changes. But, more fundamentally, the evidence presented in this survey suggests that the econometric foundations of the EKC are, in fact, weak and cast doubt on the generalization of the EKC to the majority of countries.
The failure to accept the EKC gives rise to radically different policy implications regarding environmental policy, with particularly dramatic consequences for developing countries. In effect, the environmental conditions in which the less advanced economies are developing today are much different from the ones faced by the developed countries in the past. The stock of greenhouse gases inherited by today's developing countries is certainly higher than that encountered by the developed countries in the early stages of their development. It is this stock, rather than the current flow of carbon emissions, that contributes mostly to global warming and its damages. For this reason, a policy of "accelerating growth in order to surpass the income threshold" based on a naïve interpretation of the EKC may have serious negative effects on the environment in the future.
This argument affects particularly the developing countries currently on the upward part of the curve. There is a good reason to believe that these countries may not be able to follow the same path as the developed countries. For instance, according to the "pollution heaven hypothesis" the EKC may be the result of environmental effects being displaced from developed countries (with stricter environmental regulations) to developing countries (with weaker environmental regulations), rather than reduced overall emissions. This implies that, without the implementation of the appropriate environmental policies, developing countries would not be able to find in turn some other countries to which "export" their pollution-intensive industries.
CONCLUSION
The empirical research on the relationhship between 2 CO emissions (a major greenhouse gas) and economic growth is continuously spurred by the renewed attention of scientists, policy-makers and the public opinion to the issue of climate change. A remarkable large number of recent contributions have investigated this relationship, correcting for some of the drawbacks of the early studies using the baseline polynomial model. In this survey we highlight the econometric issues related to functional forms, heterogeneity of income effects across countries, "spurious" EKC regressions and spatial dependence in emissions across regions.
With respect to functional forms, new parametric (e.g., spline, Weibull and smooth transition regression) and the non-parametric forms have been proposed as alternative and more flexible specifications to the baseline polynomial model. Despite these more sophisticated approaches, there is still no clear-cut evidence supporting or rejecting the existence of the EKC for carbon emissions. As for the assumption of homogeneous income effects across regions (countries), there is an aggreement in the literature rejecting such assumption. This is particularly clear when developed and developing countries are compared, with the EKC holding for some developed countries only.
With regard to the possible "spurious" EKC relationship, we reviewed studies adopting the recently developed unit root and co-integration tests for panel data. Overall, they find that carbon emissions and GDP per capita are integrated variables, although not always co-integrated, what casts doubt on the validity of the EKC. Finally, some recent studies have allowed for spatial dependence in emissions across regions, which is intuitively appealing as regions' emissions are likely to be affected by emissions in neighbouring regions. The results, so far, are encouraging in the sense that the spatial econometric models clearly outperform the baseline polynomial EKC specification.
Other issues that, in our view, remain unresolved are the possible structural breaks in the EKC and contemporaneous feedback effects from emissions to GDP.
15 So far little work has addressed these issues. Azomahou et al. (2006) looks at the first issue, and find no evidence of structural shifts in the (monotonic) relationship between 2 CO emissions and GDP. As for simultaneity, the results in Holtz-Eakin and Selden 15 Regarding the latter, it is worth mentioning that the environment is a major factor of production as many countries heavily rely on natural resources to grow. At the same time, environmental degradation (e.g., high pollution levels) may reduce worker productivity as well as compromise potential growth.
(1995) reject the existence of contemporaneous feedback effects. However, the evidence is still sparse and more work needs to be done in this direction. 
